Background.-Aura symptoms have been reported in up to 23% of cluster headache patients, but it is not known whether clinical characteristics are different in participants with and without aura.
INTRODUCTION
Cluster headache is a rare headache disorder typically characterized by attacks of excruciating, unilateral temporal or (peri-)orbital pain lasting 15-180 minutes and associated with facial autonomic symptoms and/or restlessness. 1 Migraine-like aura symptoms have been reported in up to 23% of cluster headache patients. [2] [3] [4] [5] For many clinicians, this seems much higher than to their clinical impression. The auras reported are most often visual and sometimes very short-lasting. Diagnostic criteria differ between migraine and cluster headache in the International Classification of Headache Disorders-III (ICHD-III beta). 1 In migraine with and without aura are the major subtypes. 1 Aura is not mentioned in the cluster headache criteria. Therefore, for a patient with cluster headache and typical aura, the criteria formulated for "typical aura with headache" seem closest. 1 In migraine, attacks with aura are in general associated with a shorter and less severe headache phase. 6 This has led to the hypothesis that different mechanisms are involved in migraine with and without aura. [6] [7] [8] [9] Here, we set out to investigate whether attacks of cluster headache with and without aura differ with respect to the other clinical characteristics.
MATERIAL AND METHODS Study Setting and Participants Selection.-This explorative cross-sectional study was conducted as part of the ongoing, nation wide, Leiden University Cluster Headache neuroanalysis program (LUCA). 10 There have been earlier reports based on the LUCA program including the results of studies on allodynia. [11] [12] [13] [14] In one smaller study, the results of an interview by phone regarding aura symptoms were reported (in Dutch). 13 Although the results did not differ substantially with this study, the 2 studies cannot be compared completely as the previous study was smaller and did not use this aura questionnaire. The LUCA website is heavily promoted throughout the Netherlands through professional contacts and various local lay and medical media to attract as many potential participants as possible. In addition, participants attending the LUMC and other headache clinics are invited as well to participate in the LUCA study.
For the LUCA study, persons of 18 years or older who are living in the Netherlands and who believe they have cluster headache, either confirmed or not by a physician, were invited to fill in a validated, web-based, screening questionnaire for cluster headache. The questionnaire is based on the ICHD-II criteria 15 and has a diagnostic specificity of 0.89 for cluster headache. 10 More details about the validation of this screening methods can be found in the report of Wilbrink et al. 10 In the Netherlands, the Dutch General Practitioners Guidelines recommend referral to a neurologist when one is suspecting cluster headache, for diagnosis and start of cluster headache treatment. 16 Therefore virtually all participants received a diagnosis by a neurologist. All people who screened positive received a second, more extensive web-based questionnaire, which is based on the ICHD-II. As known, all participants fulfilling the ICHD-II criteria fulfill also to the ICHD-III beta version for cluster headache. 1, 11 For this aura study, subjects diagnosed with cluster headache as described above received an email asking them to fill in an additional validated questionnaire about aura symptoms, which was previously found to have a positive predictive value of 88% and a negative predictive value of 70%. 17 The questionnaire contains questions regarding the presence, duration and clinical characteristics of visual, sensory, aphasic, and dysarthric aura symptoms preceding or during cluster headache attacks. In addition, it contains questions about (comorbid) migraine. Those who did not respond to the initial email were reminded twice per email and when still not responding, they were contacted 2 more times (once by regular mail and finally once by telephone). All participants who screened positive for aura like symptoms were contacted by telephone for confirmation of the ICHD-III criteria for typical aura with headache for their cluster headache attacks, which took about 30 minutes per participant. In addition, they were asked about having migraine (with or without aura) according to the ICHD-III criteria.
Only participants who had filled in all items and were available for a telephone interview (when screened positive for aura like symptom) were included.
The study was approved by the local medical ethical committee of Leiden University Medical Centre and all participants provided written informed consent.
Statistics.-No power analysis was performed for this cross-sectional study. Comparisons between attack characteristics was made using a Mann Whitney test for ordinal data, a chi-square test for nominal data, and an independent T test for interval data (2-tailed). No adjustments were made for multiple comparisons. Analyses were performed using SPSS 20.0 (SPSS Inc., IBM, Armonk, NY, USA). Statistical significance was set at P < .05.
RESULTS
By August 2014, there were 756 subjects with a questionnaire-based diagnosis of cluster headache in the LUCA database. In 720/756 (95.2%) of these the diagnosis had been separately confirmed by a physician. Six hundred and forty-one of 756 (84.8%) agreed to also fill in the aura questionnaire.
In the aura questionnaire, 88/641 (13.7%) indicated to have aura like symptoms. To be accurate, we contacted these 88 participants by phone to assess the ICHD-III beta criteria for typical aura with headache. By means of the telephone interview, typical aura according the ICHD-III criteria beta was diagnosed in 44/88 participants and no aura in 32/88 (the remaining 12 did not participate in the telephone interview and were defined as unknown). Therefore, a total of 44 participants with cluster headache with aura and 585 participants with cluster headache without typical aura were available for further analysis (Fig. 1 ).
Nonresponder analysis revealed no significant differences in baseline characteristics between responders and nonresponders of the questionnaire and if indicated telephone interview (Supporting Information Table S1 ).
Aura Characteristics in Cluster Headache with Typical Aura.-Visual symptoms were most frequently reported to be part of the aura (27/44; 61.4%), followed by sensory symptoms (17/44; 38.6%), dysarthria (12/44; 27.3%), and dysphasia (10/44; 22.7%; Table 1 ). There was much overlap, but interestingly, isolated dysarthric, aphasic, and sensory symptoms without visual symptoms were also reported.
Visual symptoms most often (70.4%) started before the cluster headache attack whereas sensory, dysarthric, and aphasic aura symptoms started most often during the headache phase ( Table 1) .
The median duration was 15 minutes for dysarthric symptoms, 20 minutes for visual symptoms and 25 minutes for both sensory and aphasic symptoms. Aura symptoms were not present during all cluster headache attacks. In participants with aura symptoms, roughly half of the attacks were accompanied or preceded by visual, sensory, and dysarthric symptoms. Aphasic symptoms were reported in a smaller proportion of attacks (Table 2) .
Six out of these 44 participants reported also typical aura symptoms without headache, which occurred strictly with visual aura symptoms and fulfilled to the criteria of "typical aura without headache." None of these 6 participants reported to also have migraine.
Three case reports to illustrate the reported aura symptoms:
This man suffered from episodic cluster headache since he was 30 years old. He experienced a cluster headache bout every 2 years lasting 6-8 weeks. He had very severe pain right above the left eye together with ipsilateral conjunctival injection, lacrimation, ptosis, and rhinorrhea, with a sense of restlessness and agitation. An attack lasted about 3 hours without intervention and about 30 minutes with the use of oxygen only. About 30 minutes before the cluster headache attacks, he experienced zig-zag figures in his left eye, which spreads gradually over 10 minutes and then stopped. Twenty minutes later the headache started. He reports these visual symptoms in 10% of his cluster headache attacks. 
According to ICHD-III beta version criteria. Some participants reported more than one kind of aura as shown in Table 1 .
A 57-year-old woman had chronic cluster headache attacks, with about 3 attacks a week since the age of 51. The very severe left orbital attacks lasted about 60 minutes without intervention. They were accompanied with restlessness and agitation and ipsilateral conjunctival injection, lacrimation, ptosis, miosis, and nasal congestion or rhinorrhoea. Before every attack, she saw unilateral (left eye) blurry zig-zag figures and after several minutes she also developed a heavy and slurred speech. Both symptoms start 5 minutes before the headache and both disappear after about 20 minutes. We have classified this as both a visual and dysarthric aura.
A 58-year-old male was diagnosed with episodic cluster headache and he experienced twice a year a bout of 8-10 weeks. The very severe pain is located periorbitally and above the left eye and is accompanied by restlessness and ipsilateral conjunctival injection, lacrimation, ptosis, eyelid edema, miosis, and nasal congestion or rhinorrhea. Without intervention the attacks last between 1.5 and 3 hours. Before about 80% of his attacks he experienced a slurred speech like being drunk for about 15-20 minutes. About 5 minutes after start of the slurred speech the headache starts. We classified this as dysarthria. His partner has noticed this difference in speech as well.
Comparison Between Participants With Typical Aura and No Aura.-In each group 2/3 had episodic and 1/3 chronic cluster headache. The 2 groups did not differ in demographic and clinical characteristics except for lower alcohol consumption and higher prevalence of frontal pain in participants with cluster headache with typical aura (Table 3) . Comorbid migraine was reported in 13.6% (N 5 6) of the participants with typical aura, of whom 2 females (33.3%) and 10.4% (N 5 61) of participants without typical aura of whom 34 females (55.7%). Those who experienced aura associated with cluster headache attacks experienced (mainly visual) aura associated with migraine in 4 participants and no aura associated with their migraine in 2 participants.
DISCUSSION
We assessed the presence of aura in 629 participants with cluster headache and compared the clinical attack characteristics of cluster headache participants with typical aura with those without aura. Typical aura was found in 7.0% of participants, which lies within the range of other studies, in which aura prevalence varied from 0 to 23%. 2, 13, [18] [19] [20] [21] [22] Consistent with the findings from previous studies, 3,4,13 the most frequent aura symptoms were visual, which in our study started in most cases prior to the headache. Dysarthria and dysphasia, most often during the headache phase, was reported by 27.3% and 22.7% participants, respectively, which seems much higher than the 4.5%-8% reported in previous studies. 2, 4, 5, 13 We and others 5 found no significant gender differences between participants with cluster headache with or those without aura. This is in contrast with migraine, as males proportionally have more often migraine with aura than females. 6, 23 We found no difference in migraine comorbidity between cluster headache participants with and without typical aura.
In migraine with aura, the headache often lasts shorter and is less severe compared with those without aura. 6 We failed to find similar differences in attack characteristics between cluster headache with and without aura, except for more frontal pain and lower alcohol consumption in the former. The finding of a lower alcohol consumption in patients with aura is comparable with the situation in migraine, in which also a lower alcohol consumption was found in patients with aura. 24 Whether this implies that attacks with aura are more readily provoked by alcohol than attacks without aura remains a matter of speculation.
In participants with cluster headache with aura, we found a lower proportion of visual aura symptoms compared with aura studies in migraine. In migraine, visual symptom, sometimes combined with other aura symptoms, are reported in up to 99% of the migraine with aura patients. 25, 26 A lower proportion of visual symptoms compared to migraine was reported in cluster headache in earlier studies. 3, 27 Moreover, those who experienced aura associated with their cluster headache attack, and were known with migraine as well, did not always experience an aura during their migraine attack. Bahra reported that as well: those with aura symptoms associated with their cluster headache did not have aura with their migraine headache in 60% of their cases. 3 The strength of this study is the large sample size, a well-defined cohort, an overall high response rate of 83.2%, and detailed information on cluster headache characteristics. Limitations include the retrospectively collected aura data. The major limitation is that we expect that we have missed patients with aura symptoms by using this questionnaire 17 and are uncertain about the amount of missed patients. We may have missed differences in population characteristics. It is a challenge to attempt to answer questions regarding aura via a questionnaire. Our interviews by phone confirmed that diagnosing typical versus atypical aura by only using a questionnaire is insufficient and has a low predictive value. Therefore, we would strongly advise for future researchers to diagnose aura by face-to-face or telephone interview (or a sample). Further research should focus on several questions: (i) whether there are regional differences in aura prevalence related to cluster headache around the world, (ii) whether those with aura respond differently to standard treatment, (iii) if there are pathophysiological differences between those with and without aura, and (iv) whether there is a cortical spreading depression in cluster headache as underlying mechanism of the aura symptoms.
Physicians should be aware that cluster headache seldomly can be preceded or accompanied by aura symptoms. In our opinion, there is no need to add a separate diagnosis of cluster headache with aura to the ICHD-III criteria or include aura in the list of cluster headache symptoms according to the ICHD-III criteria. When occurring, typical aura symptoms related to cluster headache can be classified as typical aura with headache as before. 1 
CONCLUSION
Seldomly, cluster headache can be preceded or accompanied by aura symptoms, most often involving visual symptoms, but remarkably often also speech related symptoms occur. Except for frontal pain and intake of alcohol, no differences were found between participants with and without aura. 
